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OVERVIEW OF VIBRATION PREDICTION METHODOLOGY 
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Uniform or variable inflow 


PROCESSES AND DATA FLOWS IN VIBRATION PREDICTION METHODOLOGY 
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MAJOR ASSUMPTIONS OF THE BLADE MODEL 
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magnitude. 

. Control system flexibility and blade root restraints are represented 
by root springs. 

. Blade element theory describes the aerodynamic forces, and radial 
flow effects are neglected. 


SMALL QUANTITIES IN THE BLADE EQUATIONS 
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Ratio of gravity acceleration to fl 2 R 

Time-dependent component of pitch angle, in 
radians, induced by cyclic control inputs and 
pitch-lag couplings. 


TERMS NEGLECTED AS HIGHER ORDER TERMS IN THE BLADE EQUATIONS 
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(2) Third and higher order products of small quantities 
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Second and higher order products of elastic 
displacements 

Third and higher order products of small quantities 



ASSUMPTIONS USED TO CALCULATE UNCOUPLED NORMAL MODES OF FREE VIBRATION 
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FLATWISE ROTOR MODES ASSUMED FOR TEETERING ROTOR REPRESENTATION 
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EDGEWISE ROTOR MODES ASSUMED FOR TEETERING ROTOR REPRESENTATION 
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GENERALIZED AERODYNAMIC FORCES APPLIED TO TEETERING ROTOR 
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GENERALIZED AERODYNAMIC FORCES 
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SEQUENCE OF CALCULATIONS FOR AERODYNAMIC LOADS 
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RECOVERY OF HUB REACTION LOADS 


i a) fc a -P tr 

• H i-l -H 

*3 m e 

O- 

2 , m H T) es xJ 

S^.% s " 

W g’g' 3.3 

U 3 ti P 


►•.s-ss 




S g.S.S'S’S 

u-a « « 8^3 u 

0) ? H ^ cl a; 

* H >i M 
P 



UOBrrt-* Jr S^ 43 <U 
?>•* ^ aS at rt Xi 


p P P 
U U 


> as 

55 o 

0 ) P • 1-1 

P a> ^ h-h ^ 

9 H Eo« » 


<d £ 

61 -H 

■3« 


G,° 
o ^ 
ft 
w Ul 


(fl 


T3 


6$ % u 
He" 


JD +-> 
G 


n ° 
O u_j 

e 


<D 

e 

fd 

P 

P * 
M 04 


m 

a 

o 

T> 

0) 

P 

P 

4) 

X 

a> 

w 

x* 

rd 


® R 2 ' r 2 '> 

p xt - 


p a 

W as 


■H fd 


>P 
P 

>1 X 
H 0) 
w 

§■8 *■§ 
5 0) (TJ 

K°S- 


o ^ d O n 

>iCH >i 


£ H (1) 

O TJ P P n 
O 0) -H P 
U 0) 

0) 


<D 


_ <D 
P P> 

CVH X$ P £ 
d h d ij 
O 0*1—1 <U m 


Ui 

O P 0) 
•H XJ 
P x> fd 
U CD rH 

fd P p 


0) 

§* 
u o 


° 

M -o > 
O <L) 


0) 

5 

o 

p 


EH rH aj 
I — I fp 

■H P 


p 


w 

a 
o 
P *H 


P 
d) p 
X o 
0) P 

u) m 
XS XS 
fd fd 

o o 


p 

u 

fd 

<v 


M fd m w 
0) H fd tfl 

> 3 H 
O P P 
u P d 
a) o o 


w W 
<D T3 , 

X I—! 

fd a> c c 

too 

w P^-H *H 

<d n P P 

p ^ s u u 

o* ^ O fd fd 

X <D 0) 


Pd^ U (D XPP^ M 


00 

00 



RECOVERY OF AIRFRAME VIBRATIONS FOR COUPLED ROTOR/AIRFRAME SYSTEM 
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RECOVERY OF AIRFRAME VIBRATIONS 
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-1G OLS ROTOR SYSTEM CHARACTERISTICS 
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AH-1G ols rotor system characteristics 
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AH-1G utilizes a teetering rotor system. A precone angle of 2.75° is built 
with an undersling of 4.5 inches. This may be seen in the following figure, 
rotor has zero pitch-flap and pitch-lag coupling. 
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-1G MAIN ROTOR HUB GEOMETRY 
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AH-1G ols main rotor hub geometry 




ROTOR COMPONENT MODES - FLATWISE 
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ROTOR COMPONENT MODES - FLATWISE 














ROTOR COMPONENT MODES - EDGEWISE 
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-1G FUSELAGE NASTRAN MODEL 
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FUSELAGE MODES USED IN COUPLED ROTOR/FUSELAGE ANALYSIS 
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FUSELAGE RESPONSE LOCATIONS FOR CORRELATION 
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IN-FLIGHT RESPONSE ANALYSIS OF ROTOR WITH HUB FIXED 
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IN-FLIGHT RESPONSE ANALYSIS OF COUPLED ROTOR/FUSELAGE 


4-1 • ■ O O U) 

xi <L) 03 s M > 
tn Cn d +J a) a) 


■H 

03 

G 


N 

■*H 

£ 

rH 

rH 

M 

W 


P 


P 

a; 


03 


U 

P 

1 

w 

03 


p 

03 

U 

G 

G 

W 

rH 

o 3 


03 

*H 

P 

a) 

rH 


O 

M 



P 

0 ) 


P 

03 

a) 

03 

rH 

p 

£ 

>1 

4 j 

M 

P 

G 

03 

43 

M 

W 

*H 

03 

•H 

e 

•H 

O 

03 

(J 

T 3 



X 

'H 


o 

M 

O 

o 

0 ) 

W 

CM 


O 

P 

p 

rH 

CM 

03 




P 

0 ) 

G 

rH 

> 

G 

P 

/**\ 


2 o d 

t! +J -h 


0) 

*71 O 1 
to d^ 


■h g &aJ 
+J°^ ft 


■H «H -P 
5 +J 

rrt " r "^ 

P 

y p_ 


a) - 
w w a> 
03 G O 
o -H 
o P*P 
0} w u 
d) as 
«W M M 


to T) W d) IS 

P D <D rH “ 

11) O B!H tJlS 

,3 O <0 nj 2 
'w m m-H £ 
MM M 
^ m 03 o3 D> 
d 2 £ > d a> 
-H 5 "H 43 

■P m d o< 
m d a) ft o 

■SSg&jV 

H5-d“ *g 
£ «> <u d 

U - o 

d 5 hh "5 ^ 


g.Sl 

P _ 

»?4) 

R r! 


M m 

S <B S 


.3 -d 5 % « 

I3;i3i 

P* - M 73 £ ^ 
<u > U 
03 C 73 ’ H 


? (fl 3 

03 M d) ,-j 


-S <u 

rH ? U 


, 3 u to d 

+j a) rH d d - ft) 
x « j! -h o d O' 
0) d > -H +j M 

do ai 4-i d a> 

a. E w -h g > 

(U 01 -H <U T3 -h d 

d m ndfl n o 

EH M E-I Eh (0 fO O 


V-/ w 

43 G 
73 P *H 
a; 

G +j - 

M n3 >i 

2 43 rH 

P p <U 


tn G 

G 4 ft 

•rf oi 5 
1 G' H 
« o 


124 



FUSELAGE 


PROCESSING THE TIME HISTORY DATA FROM A RESPONSE RUN 
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IGN CONVENTION (CONCLUDED 



16 . Acceleration longitudinal — Ship accelerates aft 

17 . Acceleration lateral — Ship accelerates right 

18. Acceleration vertical — Ship accelerates up 




ASSUMPTIONS IN THE BASELINE MODEL 
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RADIAL DISTRIBUTION OF BLADE EDGEWISE 
BENDING MOMENT (V = 85 KN) 
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RADIAL DISTRIBUTION OF BLADE EDGEWISE 
BENDING MOMENT (V = 114 KN) 
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RADIAL DISTRIBUTION OF BLADE EDGEWISE 
BENDING MOMENT (V = 128 KN) 
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BLADE EDGEWISE BENDING MOMENT TIME HISTORIES AT V = 67 KNOTS 
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SENSITIVITY OF HARMONICS OF BLADE BENDING MOMENT AT 50% RADIUS, V 67 KNOTS 
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SENSITIVITY OF FUSELAGE VIBRATION AT 2/REV, V - 67 KNOTS 
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SENSITIVITY OF FUSELAGE VIBRATION AT 2/REV 

V= 67 KN 
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SENSITIVITY OF FUSELAGE VIBRATION AT 2/REV 

V=67 KN 
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EFFECT OF VARIABLE INFLOW ON BLADE BENDING , 

MOMENTS AT 50% RADIUS 
(HUB FIXED V = 67 KN) 



100 150 200 250 300 350 400 

AZIMUTH ANGLE, DEG 




EFFECTS OF TORSIONAL BLADE MODE ON BLADE BENDING MOMENTS AT 50 PERCENT RADIUS 

(HUB FIXED V = 142 KNOTS) 
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EFFECT OF TORSIONAL BLADE MODE ON BLADE 
BENDING MOMENTS AT 50% RADIUS 
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EFFECT OF TORSION BLADE MODE ON BLADE 
BENDING MOMENTS AT 50% RADIUS 
(HUB FIXED V = 142 KN) 
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EFFECT OF AIRFRAME ON HUB LOADS AT 2P, PER BLADE 
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